Objectives: The population of older adults with major depressive disorder (MDD) has the highest rate of suicide. White-matter brain lesions (WML) are a potential biologic marker for suicidality in young and middle-aged adults and are correlated with cognitive impairment in older adults. In this study of older patients with MDD, we examined 1) if a history of suicide attempts was associated with a more severe course of MDD; 2) if WML are a biologic marker for suicide; and 3) if suicide attempt history is associated with cognitive impairment mediated by WML. Setting: Data from the Neurocognitive Outcomes of Depression in the Elderly study. Participants: Depressed patients (60þ) who had ever attempted suicide (n ¼ 23) were compared with depressed patients (60þ) who had not attempted suicide (n ¼ 223). Measurements: Baseline and follow-up assessments were obtained for depressive symptoms (every 3 months) and cognitive functioning (every 6 months) over 2 years. Three magnetic resonance imaging scans were conducted. Results: At baseline, suicide attempters reported more severe past and present symptoms (e.g., depressive symptoms, current suicidal thoughts, psychotic symptoms, earlier age of onset, and more lifetime episodes) than nonattempters. Suicide attempters had more left WML at baseline, and suicide attempt history predicted a greater growth in both left and right WML. WML predicted cognitive decline; nonetheless, a history of suicide attempt was unrelated to cognitive functioning. Conclusions: Severity of depressive symptoms and WML are associated with suicide attempts in geriatric depressed patients. Suicide attempts predicted neurologic changes, which may contribute to poorer long-term outcomes in elder attempters. (Am J Geriatr Psychiatry 2014; 22:75e85) 
O lder adults are disproportionately likely to die by suicide. 1 Major depressive disorder (MDD) is one of the conditions most commonly associated with suicide in older adults. 2 The severity of the disorder has been identified by some as a risk factor, 3e5 particularly among the depressed older adults, 6 though not all agree. 7 Although suicide attempts do not need to be present to meet criteria for MDD, 8 the presence of attempts may indicate a more severe course of the disorder. Indeed, long-term outcomes of older adults who have attempted suicide are poor. 9 Studies of predominately younger and middleaged individuals have identified white-matter lesions (WML) in the brain as a potential biologic marker for suicidality. 10, 11 A meta-analysis of four studies 12 found that suicide attempters had a significantly higher number of WML than nonattempters. Jollant and colleagues 13 noted that neurocognitive dysfunctions (including WML) in suicidal patients may facilitate the development of a suicidal crisis during stressful circumstances. It is possible that the presence of WML may result in decreased cognitive ability to cope with life stressors, which may lead to increased risk for suicidal behavior.
In older depressed patients, WML have been found to be associated with cognitive impairment. 14 Previous research has provided evidence that older depressed patients with prior suicide attempts had a greater burden of subcortical gray-matter hyperintensities than patients without such a history. 15 This neurobiologic finding reinforces the idea that suicide in later life may be associated with the destruction of neural pathways critical to the regulation of mood, cognition, and behavior. However, the knowledge of WML associated with suicidality in older depressed adults is limited, and, to our knowledge, no study has examined if suicide attempts in the older adults predict growth in WML. Given the association between WML and cognitive impairment in older adults, 16 if WML are also associated with suicide attempts, we might expect to see differences in cognitive functioning between elder attempters and nonattempters. Researchers 17 have demonstrated that older suicide attempters exhibited more impaired reward/punishment-based learning than older nonattempters. Dombrovski et al. 17 suggested that their findings are consistent with lesions in the ventral prefrontal cortex.
These analyses used data from the Neurocognitive Outcomes of Depression in the Elderly (NCODE) study. 18 We had three primary hypotheses. First, we predicted that compared with nonattempters, older depressed patients with a history of suicide attempts would report more severe symptoms of depression at baseline (e.g., more depressive symptoms and more psychotic symptoms), a more severe lifetime course of MDD (e.g., earlier age of onset and more lifetime episodes), and more residual symptoms of depression over time (including more suicidal ideation). Second, we predicted that attempters would have more WML at baseline than nonattempters and show more growth in WML over time. Finally, we hypothesized that attempters would have poorer baseline cognitive functioning and would have an increase in cognitive decline over time. Specifically, we predicted that WML might mediate the association between past suicide attempts and cognitive decline.
METHODS
We analyzed data from the NCODE study, a longitudinal study of geriatric depression at Duke University Medical Center (DUMC) supported by the National Institute of Mental Health.
Participants
Informed consent. Participants provided written informed consent. The research protocol is reviewed and approved annually by the DUMC institutional review board. Data analyses were conducted at Florida State University and were approved by the university's institutional review board.
Recruitment. Participant recruitment began in 1994 and continues to the present.
Depressed participants. Participants seeking treatment for depression were recruited for the NCODE study if they were nondemented adults older than 60, met Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria for current MDD, and presented for inpatient or outpatient psychiatry services at DUMC or the Duke General Internal Medicine Clinic. Exclusion criteria included meeting criteria for another major psychiatric illness (schizophrenia, schizoaffective disorder, bipolar disorder, lifetime alcohol or substance dependence, and dementia) or having indicators of dementia or preclinical dementia. Such other disorders could contribute to cognitive decline or neurologic changes. It should be noted that the patient sample included those with early-and late-onset depression. Indeed, approximately 25% had an onset by age 30 and approximately 25% had onset after the age of 60. Others had an onset in midlife.
Measures
Baseline demographic and depression assessment. Trained interviewers administered the Duke Depression Evaluation Schedule to determine whether participants met diagnostic criteria for MDD. The Duke Depression Evaluation Schedule is a structured interview that assesses demographic information and DSM-IV current and lifetime MDD using the National Institute of Mental Health Diagnostic Interview Schedule (DIS), which has been found to have good validity and reliability. 19 Baseline number of DIS depressive symptoms. We computed the total number of depressive symptoms reported at baseline (experienced in the last 6 months), excluding symptoms related to suicide (Cronbach's a ¼ 0.89).
DIS total number of past and present psychotic experiences. Participants were asked if they currently or previously experienced a number of unusual experiences (Cronbach's a ¼ 0.70).
DIS suicide attempters and nonattempters. Participants were asked if they had ever attempted suicide (no/yes).
Suicidal thoughts. A current suicidal thoughts scale (e.g., symptoms present in the last 6 months) was derived from the DIS suicideerelated items (specifically excluding the suicide attempts item). Participants were asked if they thought about death and dying a lot, if they thought about wanting to die, and if they thought about committing suicide (Cronbach's a ¼ 0.70).
Montgomerye Asberg Depression Rating Scale. To determine the severity of depression at baseline and follow-up, a geriatric psychiatrist completed the Montgomerye Asberg Depression Rating Scale (MADRS) for each participant. The MADRS assesses apparent sadness, reported sadness, inner tension, reduced sleep, reduced appetite, concentration difficulties, lassitude, inability to feel, pessimistic thoughts, and suicidal thoughts. Each item had a 7-point response scale, ranging from 0 to 6. All 10 items had good to excellent interrater reliability, 20 with an intraclass correlation of r ¼ 0.93 and p <0.0001. The MADRS was administered every 3 months over a 2-year period (Chronbach's a ¼ 0.92 across administrations).
MADRS suicidal ideation. One of the MADRS items assessed suicidal ideation using a 7-point scale from 0 (no ideation) to 6 (explicit plans for suicide when there is an opportunity; active preparations for suicide).
Mini Magnetic resonance imaging. Participants underwent structural magnetic resonance imaging (MRI) of the brain at baseline, year 2, and year 4. Baseline differences in volume between the attempters and nonattempters and changes in volume over time were examined for WML (measured in mL) for both hemispheres.
The methodology of MRI measurement has been reported previously by Steffens and colleagues, 22 Chen and colleagues, 23 and Taylor and colleagues. 24 Subjects were imaged with a 1.5 T whole-body MRI system (GE Medical Systems, Waukesha, WI) using the standard head (volumetric) radiofrequency coil. A dual-echo fast-spin echo acquisition was obtained in the axial plane for morphometry. The pulse sequence parameters were repetition time ¼ 4000 ms, echo time ¼ 30, 135 ms, 32 kHz imaging bandwidth, echo train length ¼ 16, with 3-mm section thickness and one excitation per phase encoding increment, 20-cm field of view. The images were acquired in two separate acquisitions with a 3-mm gap between sections for each acquisition. The segmentation for gray-and white-matter hyperintensities in geriatric subjects was administrated at the Duke Neuropsychiatric Imaging Research Laboratory (NIRL).
The NIRL-modified version of MrX software was used for the whole brain and cerebral hemispheres and included grey matter lesions and WML volume measurements. Reliability was established by repeated measurements on multiple MRI scans by two raters. Interrater intraclass correlation coefficients were greater than 0.9 for all lesion measurements. The intraclass correlation for the total cerebrum volume was 0.998. The total cerebrum volume was included in all analyses of WML as a control variable.
Data Analytic Plan
Missing data. Table 1 describes the sample by attempt status for those with complete baseline data and for those with missing data (at time 2) on the MADRS, MMSE, or MRI. Table 1 also shows analyses comparing participants with complete and missing data. There were no significant differences on MMSE and MADRS scores. Similarly, there were no apparent differences for baseline WML (left and right). Thus, it did not appear that attrition was selective. Thus, attrition did not appear to systematically influence the results. However, it is typically the case that the more severely ill patients are more likely to drop out.
Data analytic procedures. First, we determined the demographic characteristics of the attempters and nonattempters. Then, we conducted latent growth curve modeling. In addition, for models that did not provide an ideal fit for the data, we also conducted analysis of variance to provide further support for the findings. Finally, hierarchical regression analyses were conducted to determine if WML mediated the relation between suicide attempt history and cognitive decline.
Examination of the data suggested that some variables exhibited positive skew. To address this concern, all skewed variables were transformed following the procedures outlined by McClelland and Judd 25 (e.g., square-root transformation was applied). 27 In large samples, c 2 is often significant regardless of fit; thus, one needs to rely on the other fit indicators (e.g., CFI, TLI, and RMSEA) to examine the model fit. 28 Of note, our growth curve models accounted for time invariance by identifying each growth curve for each variable as having a specified time ratio relative to the other assessments. For example, a measure assessed monthly can be stated to have a relative time ratio to another measure assessed in 3-month intervals, accounting for this time incongruence. A second consideration is that when there is a significant discrepancy in the size of the groups being compared (attempters versus nonattempters), model fit may be less ideal than when groups are roughly equivalent. Our growth curve models accounted for these missing data points with full-information maximum likelihood estimation. 29 This is a procedure for handling missing data that is less biased than ad hoc procedures such as listwise or pairwise deletion or imputation of means.
30,31
RESULTS Table 2 presents the demographics by attempt status and associated statistics. Attempters and nonattempters did not differ significantly in age or gender; however, attempters reported significantly fewer years of education than nonattempters. Consistent with our prediction that suicide attempts would be associated with a more severe course of depressive disorder, attempters reported a younger age of onset (on average 18 years earlier), twice as many lifetime depressive episodes, more nonsuicide-related symptoms on the DIS, more current and past psychotic symptoms, and more suicidal ideation (excluding attempts) than nonattempters. There were no significant differences by race. Race distribution was as follows: African American 8.9%, Asian 9.3%, and Caucasian 86.7%. There were six participants (2.4%) who identified themselves as being of mixed race. Among the participants, one respondent (0.4%) identified himself or herself as Indian, another respondent identified himself or herself as Iranian, one participant (0.4%) identified himself or herself as Lebanese, and one participant (0.4%) identified himself or herself as Native American.
On the basis of the initial examination of variable distributions, we examined the variables for potential skew. Although the MADRS total scores were not skewed, the suicide items from these questions were skewed. Also demonstrating skew were the MMSE variables and the right and left WML. Transformation of these positively skewed variables was conducted following the procedures outlined in McClelland and Judd, 25 for which we applied squareroot transformations to these variables. Doing so attenuated the skew and brought it to within acceptable limits with all skew statistics reported in SPSS being lower than 2.0. These transformed data were then used in examination of the original analyses; however, the transformation of the data had trivial impact on results.
Latent Growth Curve Models

MADRS.
The latent growth curve model examining MADRS scores of attempters and Suicide attempt history, WML, and the prediction of cognitive decline. Although attempt status did not predict change in cognitive functioning in growth curve analyses, we examined whether attempt status predicted change in cognitive functioning from baseline to year 2 and whether cognitive decline was mediated by WML. These analyses were conducted using the indirect model command in Mplus. As described in Table 3 , after controlling for baseline MMSE, age, and education, we found that past suicide attempts did not predict cognitive decline. However, we found that baseline right (but not left) WML predicted cognitive decline (b ¼ À0.101, SE ¼ 0.04, Z ¼ À4.6, p ¼ 0.005). However, the indirect effects of attempt status to later cognitive decline via changes in WML were not significant. Given that the attempters had more left (but not right) WML at baseline, it appears that both attempt status and left baseline WML are unrelated to cognitive decline, contrary to our hypothesized meditational relationship.
DISCUSSION
Although previous research has provided evidence for an association between WML and suicidality in young and middle-aged samples, 3, 11, 32, 33 knowledge regarding geriatric depressed patients in this regard is limited; moreover, the current study was the first to our knowledge to investigate whether suicide attempt status predicted growth in WML over time. Furthermore, the literature has been equivocal regarding the relationship of suicidality to the severity of the depressive disorder, though a majority of authors have acknowledged a likely relationship. 7,34e36 This study compared currently depressed patients (age 60þ) who had ever attempted suicide (n ¼ 23) with depressed patients who had never attempted suicide (n ¼ 223). At baseline, suicide attempters reported more severe past and present symptoms of MDD than nonattempters. Suicide attempters were also found to have more left WML at baseline and a greater growth in both left and right WML over time. Whereas WML at baseline predicted subsequent cognitive decline for the sample as a whole, importantly, history of suicide attempt was unrelated to cognitive functioning.
Our results are consistent with findings of previous research among younger and middle-aged adults identifying WML as possible biologic markers for suicidality. 12 These findings extend past results by indicating that elder attempters are at a greater risk for subsequent increase in neurologic deficits. This could account, in part, for poorer outcomes among those with previous suicide attempts. Regardless of attempt status, growth in WML may place individuals at a greater risk for difficulties in cognitive processing when faced with difficult life circumstances, which may increase risk for suicide. Although attempt status did not predict cognitive decline, WML did predict cognitive decline. As described earlier, whereas WML at baseline predicted subsequent cognitive decline for the sample as a whole, a history of suicide attempt was unrelated to cognitive functioning. Investigators generally agree that the etiology of WML in older adults is related to vascular events in older age. 37, 38 It is not known, however, if WML associated with suicidality are also related to vascular events. It may be the case that WML growth is driven by a more severe course of the depressive disorder-which was consistent with one of our analyses. Specifically, in two separate growth curve analyses, we found that lifetime number of depressive episodes predicted growth in left and right WML. Nonetheless, even when controlling for severity of depression, suicide attempts predicted growth in WML. It may also be the case that the areas of the brain that are related to suicide and WML differ from the areas of the brain affected by vascular events. It may be that the areas of the brain affected by vascular events, but not WML associated with attempt status, contribute to general cognitive decline. Clearly, the issue of the similarities and differences associated with WML, associated with vascular events, and attempt status needs to be better understood. One important line of research to pursue is to determine if the pattern of WML in the brain that resulting from vascular events differs from the pattern associated with attempt status. Future research should examine the etiology of WML and the mechanisms related to WML growth in older adults with a history of suicidality. It is hypothesized that patients with WML are at higher risk for suicide attempts because of possible disruption of neuroanatomic pathways involved in mood regulation. 39, 40 A recent study provided evidence of abnormal connectivity patterns in the prefrontal branch of the default-mode network (DMN; an organized functional network of several brain regions that are active during resting states) in acutely depressed elderly patients. 41 Researchers 41, 42 found that compared with nondepressed participants, depressed participants had decreased connectivity in the subgenual anterior cingulate cortex and increased connectivity in the dorsomedial prefrontal cortex and orbitofrontal cortex. Moreover, this abnormal connectivity was significantly correlated with white-matter hyperintensity burden. Although Wu et al. 41 did not examine WML in suicide attempters and nonattempters, the results are consistent with the hypothesis that WML contribute to disruptions in neuroanatomic pathways, which may confer a biologic vulnerability to future suicidal behavior. Because WML have been associated with suicide, and WML in the older adults have been associated with cognitive impairment, we proposed a link between suicide attempts and neurologic dysfunction. 13 We did not, however, find that attempters and nonattempters differed on baseline or follow-up cognitive assessments. However, the MMSE is a general assessment of cognitive functioning, so it is possible that subtle cognitive differences were not detected. In addition, the MMSE is not an adequate test of executive functioning. Future research should use more sensitive and diverse measures of cognitive functioning. In this study, although we found that attempts were associated with WML, attempts did not predict cognitive decline. Nonetheless, we found that regardless of participants' attempt status, WML at baseline predicted a change in cognitive functioning over time. It is possible that our measure was not sensitive enough to find an association between attempts and cognitive decline, mediated by WML. It is also possible that there were some unknown differences in the etiology and consequences of the WML associated with cognitive impairment in depressed older adults and the WML associated with suicide. This is clearly an important area for future investigation. 
Notes: This analysis demonstrates that a history of attempting suicide was unrelated to cognitive decline from baseline to year 2. However, right (but not left) WML predicted cognitive decline. MMSE: Mini-Mental State Examination; WML: white-matter brain lesions.
Another direction for future investigation is a more detailed examination of the associations between suicide attempt status and both baseline and growth in WML volume to determine which association is stronger. In our examination of this association, the strength between baseline WML volume and attempts status was weakened (for the left hemisphere at least) after accounting for number of depressive episodes in the model. On the contrary, when the model accounted for number of depressive episodes, the association between attempt status and WML volume growth increased for both hemispheres. This finding suggests that although depressive episodes may impact WML growth, attempt status may have an influence on WML growth that is independent of depression.
There were several limitations of this study. First, data on when participants attempted suicide were not available. Therefore, we cannot infer the direction of causality between suicide attempts and WML at baseline, although we showed that a history of attempts did predict growth in WML over time. It will be important for future research to examine whether the WML developed before or after participants' first suicide attempt to determine whether such lesions are risk factors for or consequences of suicide attempts. Second, only a small number of suicide attempters (n ¼ 23) were included, limiting statistical power. Despite this, we still found evidence of a significant association between suicide attempt history and the presence of both right and left WML.
Moreover, we did not have data on several risk factors for cognitive decline. Attempters and nonattempters may have had differences on some of these variables. Specifically, we did not have a measure of health functioning, smoking status, or functional disability. We cannot rule out the possibility that a third variable may have accounted for the differences we found.
It is also important to note that we had considerable attrition, which is an important limitation. One way by which it is possible that this limitation may have influenced the results was that for the MRI data we had only 11 suicide attempters at time 3. If we had a larger sample with more power, we may have found other differences (e.g., right WML) in the data. Furthermore, the attrition in this sample may limit generalizability of the findings to all depressed older adults who have attempted suicide. Another limitation was that handedness of participants in this study was not noted, so we were unable to account for potential handedness effects.
Note that we do not have knowledge as to the rate of change associated with each variable. Some changes may occur at a more rapid rate than other variables. If we had a longer period of follow-up, we may have found other variables to be associated with attempt status. Nonetheless, there was a clear organization of the data collected. Patients were uniformly assessed by time in the study. However, whereas the MADRS, MMSE, and MRI were all collected at baseline, year 1 and at year 2, it is the case that we had more frequent assessments of the MADRS. The availability of more assessments on the MADRS (every 3 months) than on the MMSE (baseline, 6 months, year 1, 18 months, year 2) may have led to having more power in the growth curve model of the MADRS and relatively less power in the growth of errors on the MMSE. This limitation should be considered.
We should note that a few factors differed by suicide status at baseline that could influence the changes observed. To account for these issues, we included baseline education and psychosis experiences as well as other indicators of severity of depression as covariates in the growth curve models. However, addition of these covariates did not change the results. Finally, although attempt status predicted the baseline and growth of WML volume, this association may be a marker for WML growth rather than a contributing factor.
The study also had a number of strengths. First, this is the first study of depressed older adults that tests whether suicide attempt is associated with growth in WML. Second, participants were only included in the study if they met criteria for a current major depressive episode at baseline and did not meet criteria for any other disorders (e.g., dementia or preclinical dementia) that could cause neurologic problems or account for the increase in WML. Given the exclusion criteria, this study provides compelling evidence that the WML identified were associated specifically with participants' history of depression and suicide attempt.
CONCLUSIONS
Elderly depressed suicide attempters reported more severe past and present symptoms of MDD than nonattempters at the index episode but not at follow-up. Suicide attempters were also found to have more left WML at baseline and a greater growth in both left and right WML over time. As described earlier, whereas WML at baseline predicted subsequent cognitive decline for the sample as a whole, a history of suicide attempts was unrelated to cognitive functioning. Volume changes in the size and number of white (as well as gray matter) lesions (for both hemispheres) have been associated with cognitive functioning. Investigators generally agree that the etiology of WML in older adults is related to vascular events in older age. It is not known, however, if WML associated with suicidality are also related to vascular events. It may be the case that WML growth is impacted by a more severe course of the depressive disorder rather than suicide status-which was consistent with one of our analyses. Specifically, in two separate growth curve analyses, we found that lifetime number of depressive episodes predicted growth in left and right WML. Nonetheless, even after controlling for severity of depression, suicide attempts predicted growth in WML, and, in fact, the association increased after accounting for depressive episodes. It may also be the case that the areas of the brain that are related to suicide and WML differ from the areas of the brain affected by vascular events that contribute to general cognitive decline. Clearly, the issue of the similarities and differences associated with WML associated with vascular events and by attempt needs to be better understood. One important line of research to pursue is to determine if the pattern of WML in the brain that result from vascular events differs from the pattern associated with attempt status. Future research should examine the etiology of WML and the mechanisms related to WML growth in older adults with a history of suicidality.
